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ABSTRACT 


Water managers are faced with issues of groundwater resources management in dry land 
environments characterized by increasing population growth and prolonged dry period. Pollution 
of such resources has become a problem of notable importance in many arid and semi-arid 
environments of the developing countries. Unplanned urbanization; industrialization coupled with 
an increase in agricultural expansion has adversely affected groundwater quality. This study 
provides an overview of the status of groundwater quality in Kumbotso L.G.A using Water Quality 
Index. Physico-chemical parameters of pH, total dissolved solids, total hardness, magnesium, 
chloride, nitrate, calcium, and sulphate were measured from 12 groundwater samples. The results 
of the analysis were compared to the WHO standards to ascertain conformity with the guidelines. 
The Geographic Information System (GIS) was employed for mapping the distribution of various 
quality parameters as well as the overall groundwater quality condition. The overall map produced 
shows that 53.42km* of the study area representing 33.81% were of excellent quality while 
104.58km’ representing 66.19% of the area was found to be of good quality. Thus, a GIS based 
map developed can be a useful practical tool by water managers, policymakers and concerned 
communities in taking strategic decisions towards effective management of groundwater in the 
study area. 


Keywords: Groundwater sources, Pollution, Water Quality Index, Physico-chemical parameters, 
Geographical Information System 


1.0. Introduction 


Human survival on the earth surface as well as sustainable development and security depends on 
water (Griggs et al., 2013). As such water is primarily used for domestic, industrial and agricultural 
activities and is necessary for the sustainable economic development of an area (Pritchard et al., 
2008).The increase in the water demand is a result of population growth and economic development 
especially the groundwater resources (Roy et al., 2020).The development of which has a negative 
impact on groundwater quality and quantity (Hemamalini et al., 2017). 


Concerns about surface water shortage and its deterioration are reasons behind excessive exploration 
and exploitation of groundwater in many arid and semi-arid environments of the developing countries 
(Thirumalaivasan et al., 2003; Zingoni et al., 2005). However in Nigeria particularly in semi-arid 
environments of Northern Nigeria surface water deterioration, inadequate water provision by 
authorities concerned, the effect of climate change and in addition to population growth which has 
forced many people to rely on groundwater sources for water use (Akujieze et al., 2003). In Kano, the 
availability of surface water sources are not encouraging and where available it is polluted to a 
considerable degree (Bichi, 2000; Akan et al., 2009; Dan’azumi and Bichi, 2010; Dike et al., 2013). 
Thus, making groundwater sources a necessary alternative for water supply in such regions. 
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Anthropogenic activities are the major factors that influence the pollution of groundwater resources in 
Nigeria (Galadima et al., 2011). Because of the importance attached to these resources globally, their 
pollution issues have enticed attention from researchers which makes their quality a topic of relative 
importance in the area of groundwater resources management (Pradhan, 2009; Shirazi et al.; 2012; 
Manap et al., 2013). Consequently describing groundwater quality condition through the use of the 
Water Quality Index (WQI) that integrate multiple parameters into a unique index depicting quality 
status in term of excellent, good, or poor 1s paramount because it makes quality information simple 
and easily interpretable (Mitra et al., 2006; Varnosfaderany et al., 2009; Sharma and Patel, 2010). 
Many scholars have adopted the technique of WQI and GIS to model the distribution of groundwater 
quality in different parts of the world and achieved reliable results (Bairu et al., 2013; Krishan et al., 
2016; Ambiga, 2016; Hamza et al., 2017; Al-Musawi et al., 2018). This proved such an approach to 
be a more informative means of assessing groundwater quality (Jasmin and Mallikarjuna, 2014). 

Kano is among the most populous and industrialized cities in Nigeria and this implies that 
anthropogenic activities are probably responsible for groundwater pollution in such regions (Hamza et 
al., 2017). Growing urban and industrial areas in Kano lead to an increase in consumption of 
freshwater in these regions and indiscriminate disposal of hazardous sludge, solid wastes, discharge of 
industrial effluent, domestic sewage and municipal wastewater into freshwater cause groundwater 
pollution (Khan et al., 2012, 2013; Panigrahi et al., 2012; Allamin, 2015). Monitoring agencies like 
the Kano State Environmental Protection Agency have attempted to manage these causes of 
groundwater pollution but have been unsuccessful (Egwuonwu et al., 2011). Thus, making such a 
global issue a topic of considerable importance in the region and Nigeria at large (Adelana, 2004). 
Given the aforementioned, this study applied WQI and GIS to assess groundwater quality status for 
drinking in the Kumbotso Local Government Area of Kano State, Nigeria. 


2.0. Methodology 


2.1. Study location 


Kumbotso Local Government Area is one of the 44 local government areas located between latitude 
11° 53’17”N and longitude 8°30°10’’E in the Northwestern State of Kano, Nigeria with an area 
coverage of 158km/* as shown in Figure 1. 
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Figure 1: Map of study area showing samples location 
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2.2. Methods 


Both spatial and non-spatial data were utilized in this study. The spatial data used was data 
corresponding to the administrative boundary of Nigeria in shape file format downloaded from 
DIVA-GIS (http://(www.divagis.com). The shape files of Kano State and that of the study area were 
masked down in Arc GIS software. Localization of each borehole was recorded using (GPS) while the 
non-spatial data include analysis of physicochemical parameters at Kano State Water Board, Challawa 
Water Quality Laboratory Kano. A total 12 groundwater samples from different boreholes were 
collected in 11 wards within the study location as described in Table 1. 


Table 1: Description of Groundwater Samples Sites. 


No. Longitude Latitude Description Sites ID No 
] 8.5583 11.9030 Unguwar Rimi Al 
pi 8.5033 11.9189 Kumbotso A2 
3 8.5931 11.9139  Limawa A3 
4 8.4278 11.9278 — Challawa A4 
5 8.5924 11.9673. = Mariri A5 
6 8.5704 11.9537 Kureken Sani A6 
7 8.5467 11.9289 Naibawa A7 
8 8.5138 11.9358 | Gurin Gawa A8 
9 8.5038 11.9414 Dan Maliki A9 
10 8.4522 11.9049 Panshekara Al10 
1] 8.4522 11.9311 Zawaciki All 
2 8.4310 11.9579 Danbare Al2 


All the samples were analyzed in the laboratory for the various quality parameters using standard 
methods as shown in Table 2 (APHA, 2005). The laboratory analysis results and secondary data were 
compared to ascertain conformity with the international guidelines as shown in Table 3 (WHO, 2011). 
A Geographic Information System was employed to map and characterize the distribution of various 
quality parameters as shown in Figures 2 to 11. 


Table 2: Analytical Methods Adopted for Physico-chemical Analysis 


No. Quality Parameters Analytical Methods 

1 pH Digital pH meter 

2 Total Dissolved Solids Gravimetric Method 

3 Total Hardness EDTA-Titrimetry Method 

4 Magnesium Spectrophotometry Method 
5) Calcium Flame Photometric Method 

6 Sulphates Turbidimetric Method 

i) Chlorides Mohr’sTitrimetry Method 

8 Nitrates Spectrophotometry Method 


“Weighted Arithmetic Method” by (Cude, 2001) was implemented for evaluating groundwater quality 
index for all samples as shown in Equation 1, 2, 3 and 4 the results were also shown in Table 4. 


n n 
WOl= > OnWn/ > Wr (1) 
l= i= 
Qn = 100[(, — Vi)/GSn — Vi] (2) 
Where Q, = quality rating for n parameter 
V,, = Estimated value of the n" parameter at a given sampling station 


S, = Standard permissible value of the n" parameter 
V; = Ideal value of n" in pure water (i.e 0 for all parameters except pH which is 7). 


W, = K/Sy (3) 


Where W,, = unit weight of the n" parameters and K is the proportionality constant given by 
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1 
k =———_ 4 
ya] s. (4) 


The water quality index results were utilized in creating an overall map showing spatial distribution of 
groundwater quality status within the study location using Arc GIS 10.5 as shown in Figure 11. 


3.0. Results and Discussion 


The physico-chemical characteristics of samples collected from various locations in the study area are 
displayed in Table 3 and results were compared with WHO standards and found to be within the 
permissible limits of WHO (2011). 
Table 3: Measured Values of Groundwater Quality Parameters and World Health Organization 
Guidelines-WHO, 2011. 


Parameters Al A2 A3 A4 AS A6 AT A8 AD A1O AIL Al2 WHO 
pH 8.0 68 7.9 78 75 65 80 67 69 66 65 68 65-85 
TDS mg/I'! 193 233 225 222 227 114 187 227 240 318 233 190 500 
Hardness mg/I"' 84 81 122 68 93 74 118 88 70 105 123 #108 300 
Magnesium mg! 15 15 18 #413 16 #14 «+19 «116 15 19 20 18 50 
Calcium mg/I'! 10 9 16 12 418 14 ~=«18 14 12 16 20 20. 75 
Sulphates mg/I"! 38 54 3 25 35 35 48 41 48 92 33 £461 250 
Chlorides mg/1'! 35 46 63 42 77 #35 58 45 37 87 ~~ 76 59 250 
Nitrates mg/l’ 6 8 4 12 3 (a oe 1 1 1 45 


The spatial distribution of various physico-chemical parameters in Figure 2 shows that pH 
concentrations are in the range 6.5 to 8.0 which is within the permissible limit but groundwater in 
south-western, south-eastern and north-eastern part of the area are slightly alkaline (WHO, 2011). The 
distribution of TDS in Figure 3 ranged from minimum of 114mgl' to maximum of 318mgl' and was 
below the permissible limits of 500mgl', but TDS level at the south-western part was slightly high 
(WHO, 2011). The spatial distribution of hardness analyzed ranges from 68 - 123 mgl' as shown in 
Figure 4 and is in accordance with the permissible limit of 300mgl” for drinking water (WHO, 2011). 
Even though the concentration of hardness is slightly high in some cases, it poses no threat to 
groundwater quality. Figure 5 demonstrates thematic map of magnesium level in the study area and 
reveals magnesium concentration in groundwater varies from minimum of 13mgl” to maximum of 
20mg!” and within the permissible limit of 50mgl' (WHO, 2011). Spatial distribution of calcium in 
Figure 6 varies from 9 to 20mgl” and falls within the permissible limits of 75mgl' (WHO, 2011). 
Sulphates exist in nearly all natural water and distribution of sulphate as shown in Figure 7 varies 
from 2.5 to 9.2mgl'and falls below the permissible limits according to (WHO, 2011). Distribution of 
chloride as shown in Figure 8 indicates a fluctuation between 35 to 87mgl’and falls below the 
permissible level recommended by (WHO, 2011). Nitrate distribution in Figure 9 shows values 
ranging from | to 12mgl’'and fall below the permissible limits of 45mgl’ by WHO (2011) for potable 
water. However, slightly high levels of nitrate in south-western part may be attributed to leaching 


from waste disposal, sanitary landfill and anthropogenic activity involving nitrate pollution which was 
also observed by (Chapman, 1996). 
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Figure 2: Map of interpolated pH 


8°23'30"E 8°25'40"E 8°27'S0"E 8°30'0"E 8°32'10"E 8°34'20"E 8°36'30"E 


Total Dissolved Solids 


TDS Level (mg/l) 


-_ High : 318 


Low: 114 


11°52'10"N 


8°23'30"E 8°25'40"E 8°27'50"E 8°30'0"E 8°32'10"E 8°34'20"E 8°36'30"E 





Figure 3: Map of interpolated total dissolved solids 
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Figure 4: Map of interpolated total hardness 
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Figure 5: Map of interpolated magnesium 
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Figure 6: Map of interpolated calcium 


8°23'30"E 8°25'40"E 8°27'50"E 8°30'0"E 8°32'10"E 8°34'20"E 8°36'30"E 


Sulphate 


Sulphate Level (mg/I) 
High : 9.2 


11°52'10"N 
11°52'10"N 


- Low: 2.5 


8°23'30"E 8°25'40"E 8°27'50"E 8°30'0"E 8°32'10"E 8°34'20"E 8°36'30"E 





Figure 7: Map of interpolated sulphate 
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Figure 9: Map of interpolated nitrate 
The calculations of WQI presented in Table 4 and the distribution of the groundwater quality in 


Figure 10 shows values between 11.19 to 49.06 and according to Table 5 of WQI classification 
proposed by Chaterjee and Raziuddin (2002), 53.42km’ of the study area representing 33.81% of total 
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area was classified to be in excellent quality and the rest of 104.58km’ representing 66.19% of the 
total area was found to be in a good water quality class as shown in Figure 11. 


Table 4: Calculated values of WQI for various groundwater samples 
Parameters Al A2 ~~ A3 A4 A5 A6~ AZ A& A9 AIO All AI2 Unit Weight 
QaWn QnWn QW QnWn QnWn QW n QW QW QnWn QW QW QnWiWn 
PH 42.06 8.408 37.85 33.64 21.03 21.03 37.85 12.62 4.208 0.6308 
TDS mg!! 0.413 0.499 0.482 0.475 0.486 0.244 0.400 0.486 0.514 0.0107 
Hardness mg!’ 0.501 0.483 0.728 0.227 0.555 0.442 0.704 0.525 0.418 0.0179 
Magnesium mgl! 3.216 3.216 3.859 2.787 3.431 3.002 4.074 3.431 3.216 0.1072 


Calcium mgl! 0.953 0.858 1.525 1.144 1.715 1.335 1.716 1.335 1.144 0.0715 
Sulphates mg!’ 0.032 0.056 0.026 0.022 0.030 0.030 0.041 0.035 0.041 0.0215 
Chlorides mg!’ 0.301 0.396 0.542 0.361 0.662 0.301 0.499 0.387 0.318 0.0215 
Nitrates mel’ 1.589 2.119 1.059 3.179 0.795 1.855 0.554 1.325 1.325 0.1192 
49.07 16.04 46.07 28.71 28.24 45.84 20.15 11.19 
49.06 16.04 46.06 42.33 28.70 28.23 45.83 20.09 11.19 





Table 5: Water Quality Index Classification 


WQI Water quality Status Grading 
0-25 Excellent A 
26 — 50 Good B 
51-75 Poor C 
76 — 100 Very Poor D 
Above 100 Unsuitable For Drinking E 
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Figure 10: Map of interpolated groundwater quality index 
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Figure 11: Map of Groundwater Quality Index 
4.0. Conclusions 


Groundwater quality appraisal was carried out in Kumbotso L.G.A, Kano State, Nigeria using GIS 
and WQI. Geospatial analysis tool of inverse distance weighting was used for mapping distribution of 
groundwater quality parameters and results clearly reveal that the water quality level is good with 
respect to the measured quality parameters. The overall groundwater quality map produced clearly 
reveals groundwater suitability for drinking purpose. Such a map developed using WQI and GIS can 
be a useful practical tool for easy understanding by water managers, policy makers and even 
concerned communities in taking strategic decisions towards sustainable use and management of 
groundwater resources in the area. 
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